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The ability of Mycoptasma fermentans (strain incognitus) tofuse with cultured lymphocytes was investigated and the fusion proc¢~ w~ character- 
ized. Fusion was measured using an assay to determine lipid mixing based on the d .quenching of the fluorescent probe, octadcojhh~cchraine (Ri 8), 
that was incorporated into the mycoplasma ¢¢11s. Fusion of M. fermentans was detected with both C1>4" (Molt 3) and CD4- 11:I2.EI) ¢¢11s. The 
amount of fusion induced was relatively ow and ranged from 5-10% with either cell culture. When primary peripheral blood l)a,r~piaoe~es w re 
used the fusion yield was solnewhat higher, reaching 12% of the cell population. Similar findings were obtained with fluorescent microscopy analysis 
suggesting that a predetermined, butunidentified subpopulation f cultured lymphocytes, were being fused. The rate of fusion ~ temperature 
dependent. Following a short lag period fusion at 37°C was virtually completed in 60 rain. The lymphoe~s remained intact thro~l~avut the fusion 
process, as determined by the Trypan blue staining procedure. Fusion was almost completely inhibited by anti.M, fer,~entan~ mt~ra and by 
pretreatment of M. fermentctns cells with proteolytic enzymes, suggesting that a surface-exposed proteinaocous component is invcl~;cgl inthe fusion 
process, 
Mycoplasnta fcrmentat~s; Fusion; Lymphocyte; AIDS 
1. INTRODUCTION 
Lo and co-workers [1] have isolated a virus-like infec- 
tious agent (VLIA) from a patient with AIDS. This 
agent was later identified as a unique strain of Myeo- 
plasma fermentans and was designated the incognitus 
strain [2]. The observations were later confirmed [3] that 
mycoplasmas may play a key role in one of the early 
stages of the lentivirus life cycle, namely absorption, 
penetration, provirus synthesis, or early repression. It 
was, therefore, suggested that the modification of the 
biological properties of HIV-1 by co-infection with 
mycoplasma may be involved in the pathogenesis of 
acquired immunodcficiency syndrome (AIDS) [4]. In 
fact introduction of  mycoplasmas to T-cell line CEM 
cultures ignificantly reduced CD4 expression in conse- 
quent inhibition of gpl20 binding and HIV infection of 
CEM cells [5], and treatment of HIV.l.infected T-cells 
with tetracyclines caused a decrease in HIV-I replica- 
tion as measured by reverse transeriptase activity [6]. 
Myeoplasmas have been previously shown to affect 
multiple aspects of  e.¢ll function and activities, including 
the ability to stimulate or inhibit viral infections in in- 
fected cell cultures, as well as in animals [7,8]. Several 
mechanisms were postulated for the effects on viral 
growth, including (i3 depletion of arginine from the me- 
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dium by arginine-utilizing mycoplasrmas decreasing 
viral yields, (ii) inhibition of interferon iarxlaction and 
activity increasing yields of interferon-sensitive viruses, 
Off) removal of essential lipid component~s from the in- 
fected eukayrotic ells by the avidly att.-:ached patho- 
genic mycoplasma nd (iv) induction of~ ~tokine and 
lymphokine release from eukaq, otie cells:stimulated by 
the attachment of myeoplasmas to the e¢11 i ~urrae¢. Such 
a release might produce a hypoactive sta~:t¢ of the host 
tissues making them ore susceptible tocviral infection 
[8]. In the present s udy we have shown that the AIDS- 
associated strain ineognitus of M. fe rment ,~ iscapable 
of fusing with the T-cell line cells, as well a,as with periph- 
eral blood iymphocytes. We suggest, the~fore, that the 
possible role of M. fermentans strain inc~j i tus  in the 
pathogenesis of AIDS may be attribut~e.xt, at least in 
part, to the delivery of myeoplasma eoanl:mnents into 
the lymphocytes upon myeoplasma-lymgbhocyt¢ fusion. 
2. MATERIALS AND METHODS 
2.1. Organisms, cell cultures and growth condltlom 
Mycoplasmafermentans (strain ineognituO was ~I'Q~ in Channock 
medium supplemented with 10% horse scrttm [9].1"~e cultures ~r¢ 
grown for 48-72 h at 37"C. The organisms ~vere trill.leafed by centrifu- 
gation at 12,000 x g for 20 rain, washed twice and r~tspendted in cold 
phosphate-buffered saline (PBS, pH 7.5) to a conaw.~tration of 1 mg 
cell proteirdml. The human c¢11 line CD4* Molt 3 ~lls ~vem obtained 
from the American Type Culture Collection (Ro,~ville, MD)0 and 
CD4- 12-Ei ¢¢11s were provided by Dr. H. Goldrizlt~ (FDA. P,¢thesd~, 
MD). The cells were grown in RPM11640 mediam~upplemcntcd wi h 
10% fetal calf scram. 
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2,2, Fusion analyses 
Fusion of M, fernleatans with the Molt 3 and 12-El cells was 
monitored by the octadecyirhodamine B chloride (RI8, Molecular 
Probes, Eugene, OR) assay described before [I0l. Forthe labeling of 
M, fermentans with RIg, 19 jul of an ethanolic solution f RIg (l 
mg/ml) was added to I ml era mycoplasma cell suspension containing 
I nag cell protein/ml, and incubated  room temperature for 15 rain 
in the dark. The cells w~ae then harvested and washed twice by centrif- 
ugation in an Eppendorf centrifuge for 3 nain. The Rig-labelled M. 
fetmentans cell suspension (10-20/zl) was rapidly mixed with 1 ml of 
T-¢~II line cells pre-cooled to 4°C (10 ~ eell~nal). The temperature of
the mixture was maintained at 4'C for 30 rain and the cells were then 
sedirnented by centrifugation, washed twice and resuspended in 1 nal 
ofcold PBS. The cell suspension was then transferred to 37*Cand the 
intensity of fluorescence dequenching was measured with an excitation 
and emission wave length of 560 and 590 nm, respectively. The de- 
quenching degree obtained in thepresence of 0,1% Triton X-100 was 
taken to present 100% dequenching, i,e. infinite dilution of theprobe. 
Phase contrast and epifluorescence microscopy observations were per- 
formed as described before [1 i]. 
2.3, Analytical methods 
Protein was determined by the method of Bradford [12] utilizing the 
Bio-gad reagent with bovine serum albumin as the standard. Treat- 
ment of M. fermentans with proteolytic enzymes was performed by 
incubating 1 mg of M. fermentans cell protein with trypsin (50 #g/ml) 
or proteinase K (50 ~g/ml) for 30 rain at 37°C, NADH dehydrogenase 
activity was measured by following the decrease in absorbance at 340 
nm era NADH solution incubated with sodium deosycholate-treatcd 
M, fermentans cell [ysate [13]. 
3. RESULTS AND DISCUSSION 
When R 18-labeled M. fermentans cells were mixed in 
the cold with target Molt  3 ceils no labeled target cells 
were detected by fluorescent video microscopy. How- 
ever, 20 rain after the temperature was raised to 37°C, 
10-25% labeled cells were detected (Fig. 1). Fig. 2 shows 
the kinetics of  membrane fusion of M. fermentans cells 
and Molt  3 cells. The percent of  dequenching of  R18 
(fusion yield) was measured at different periods of  time 
following incubation of the mycoplasmas pre-bound to 
the target Molt 3 cells at 37°C. After a brief lag period 
(I-2 min) fusion proceeded exponentially for about 30 
rain. Maximal fusion yields were obtained after about 
40-60 rain incubation at 37°C. Polyethylene glycol 
(PEG 8000), previously shown to be necessary for the 
fusion of M. capricolum [I0] with lipid vesicles, has an 
effect on the lag period. In the presence of 4% PEG the 
lag period was not affected, whereas with I0% PEG no 
lag period was observed (data not shown). It has been 
previously proposed that PEG alters the physical state 
of  either the bulk water adjacent o the cell surface or 
the water of  hydrat ion o f  the phospholipid polar head 
groups in the cell membrane [14]. 12-El cells lacking 
CD4 fused at the same rate and to the same extent as 
the CD4* Molt 3 cells (data not shown), suggesting that 
CD4 is not required on the target membrane for M. 
fermentans.mediated membrane fusion. Very little fluo- 
rescence dequenching (~1%) was observed when T- 
lymphocytes were incubated with isolated membranes 
o f  M. fermentans or  with intact M. fermentans cells 
pretreated with 0.1% glutaraldehyde. Furthermore, the 
addition o f  the H* ionophore,  carbonyl cyanide m-chlo- 
rophenylhydrazone (5 gM) ,  to intact M. fermentans 
cells inhibited the extent of  fluorescence observed by 
60-70%. suggesting that a pH gradient across the royce- 
plasma cell membrane is required for the fusion process. 
M. fermentans cells were rendered non-fusogenic 
after treatment with proteinase K (50/zg/ml for 30 rain 
at 37°C), Trypsin digestion caused a marked decrease 
(60--70%) in the degree o f  fluorescent dequenching. As 
after either proteinase K or trypsin treatment almost all 
the NADH dehydrogenase activity was retained within 
the ceils it seems that the proteolytic digestion did not 
affect cell intactness. The marked effect o f  proteolytic 
digestion of  M, fermentans cells on their capacity to fuse 
. . , j .  
. .4  
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Fig. 1. Fusion of M, ferraentans (incognitus strain) with Molt 3 cells, Molt 3 cells were mixed with fluoresccntly labeled mycoplasmas, then washed 
and incubated for 313 rain at 370C. The panel shows a field of cells under epifluomscence (A) and phase contrast (B), 
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Fig. 2. Kinetics of mycoplasma-Molt 3 fusion. Molt 3 cells (10 s) were 
mized with fluorescantly lab~lexl mycoplasma (2.4 x lO 6 CFU/ml). The 
mixture was either incubated at37°C and fluorescenc~ intensity incus. 
ured (MIXED), or pre-incubatcd at 4"C for 30 rain, washed twice, and 
then transferred to 37°C and fluorescence m asured (PREBOUND). 
In a control experiment, heat-inactivated ($6°C, 30 rain) mycoplasmas 
were utilized. At the time indicated by the arrow more Molt 3 ceils 
(105) were added to the mixture. 
with target Molt 3 cells suggests that M. fermentans cells 
possess proteinase-sensitive receptors on their cell sur- 
face responsible for binding and/or for establishing a 
tighter contact with the cell membrane of Molt 3 cells. 
Table I shows that attachment and subsequent fusion 
of labeled M.fermentans was also obtained with periph- 
eral blood lymphocytes (PBL). As the increase in the 
extent of  fluorescence observed by incubating M. fer- 
rnentans with PBL was neither affected by vinblastine 
Table 1 
Binding and fusion of M, fermentans i eognitus strain with PBL and 
Molt 3 cells at various mycoplasma-to-cell ratios 
I0/~I I00/~I 
FBL Molt 3 PBL Molt 3 
Binding of M, fermentuns to cells (a,u,) 
M, feunentans (10/.tl) 0.67 0,82 1.20 1.02 
(100 gl) 3.58 3.96 7,76 7.94 
Fusion of M, fermentans with cells (%) 
M, fermentans (10/.tl) 1.1 0.8 2.8 1.7 
(100/zl) 1,2 1,1 1.8 1.4 
I0 or I00/21 cells (PBL or Molt 3) were mixed with I0 or 100gl of 
mycop:asmas (2.4 x 107/ml) and incubat~i at 4°C for 3{) i~fin. The 
mizture was then washed twice, transferred to 370C and the fluores. 
~nce was measured, Lag times of fusion and rates of fusion were 
approximately the same at all conditions, a.u. = arbitrary units. 
(20 gg/ml), known to inhibit microtubale formation, 
nor by cytochalasin B (20/~g/ml) which interferes with 
the assembly and disassembly of active filaments (data 
not shown), it is unlikely that the increased fluorescence 
was due to phagocytosis of the mycoplasma by acti- 
vated monocytes 9resent in the PBL. Whereas the bind- 
ing of M. fermentans to either PBL or Molt 3 cells was 
similar the fusion yield with target PBL was somewhat 
higher. The relatively low fusion yield was not affected 
by increasing the amount of R 18-labeled M. fermentans 
cells. Nonetheless, the percent of fusion was signifi- 
cantly increased with increasing numbers of  target cells. 
This result would indicate that only a small subpopula- 
tion of the T-cells are participating in the fusion event. 
Although the role that the AIDS-associated strain 
incognitus of Mycoplasma fermentans plays in the pa- 
thogenesis of disease has not been defined our findings 
may provide meaningful insight regarding the interac- 
tions between mycoplasmas and lymphocytes, one of 
the critical components of the immune system. It is 
likely that mycoplasma compone~igs are being delivered 
into the lymphocytes upon mycoplasma-lymphoeym 
fusion, and thereby affecting the normal functions of 
the lymphocyte. Furthermore, the insertion of  royce- 
plasma membrane coral=~:'..-nts into the membranes of 
lymphocytes upon fusion could alter receptor ecogni- 
tion sites, as well as affecting the induction and expres- 
sion of lymphokines, resulting in alterations in the com- 
munication between various cellular elements of the im- 
mune system. Such effects could influence binding, inte- 
gration and/or insertion or expression of  HIV, de~reas- 
ing host resistance to infection. Obviously, additional 
studies are required before the role that M. fermentans 
plays in the pathogeneses of disease can be determined. 
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